. Molecular structure of the precursors polysilazane (PSN).
( a1 ) Figure S2 . 
Proposed Mechanism for the Growth of P-doped SiCNPs
With respect to no metal catalysts used in our case, the growth of the P-doped SiCNPs should be dominated by the typical Vapor-Solid (VS) process, which is schematically illustrated in Figure S3 .
During the heating process, the PSN polymeric precursors (their molecular structure are shown as Figure S1 ) will be converted into metastable SiCN amorphous ceramics with a small amount of O when the temperature exceeds 1000°C, [1] followed by releasing the vapor phases of SiO and CO with the further increase of the temperatures. [2] The reaction of SiO and C (i.e., carbon fabrics of the substrate) by Reaction (1) (step I in Figure S3 ) will make the nucleation of SiC on the substrates of the carbon fabrics, accompanying by the release of O 2 , which favors the oxidation of the SiCN to the vapors of SiO and CO. The reaction of SiO and CO (Reaction (2)) will make the deposition of SiC on the preformed SiC nucleus, thus leading the continuous growth of SiC nanocrystals (Step II-V). At the meaning time, the CO 2 will react with the C, which is mainly derived from the raw materials of SiCN and the carbon fabric substrate, to form CO under the used high temperature of 1723 K (Reaction 2) to facilitate the Reaction (2) to be proceeded, resulting the growth of the SiCNPs (Step II-V). The growth of numerous sharp edges and corners around the surface of the SiC nanoparticles could be attributed to the incomplete process of surface energy minimization of the laterally faceted crystal planes via atomic diffusion. [3, 4] 2SiO (g) + 2C (s) = 2SiC (s) + O 2(g) ………………. (1)
There are mainly two possible atoms doping mechanisms for the SiC nanostructures: [5, 6] one is through the formation of a substitution solid solution, and the other is via the formation of an interstitial solid solution. Based on the detailed examination of the typical XRD pattern of the as-synthesized SiCNPs, the (111) peak of P-doped SiCNPs shifts to a higher angle with a 2 of 0.102, suggesting that the doped P atoms into the SiC crystal lattice should be dominated by the formation of substitution 5 solid solutions. It is known that the atomic radius of Si, C and P are 0.117, 0.110 and 0.077 nm, respectively. It seems that the atomic radius of P is comparable to that of Si, and much bigger than that of C. Thus, the substitution of P to Si should be much easier than the substitution of P to C, due to the much fewer energy required to be overcomed induced by the doping derived lattice distortion. [7] ) In a brief word, the doping of P into the SiC crystals should be performed by the formation of solid solutions via the substitution of P to Si. Figure S3 . The proposed growth mechanism of SiCNPs on the carbon fabric substrate. Figure S4a provides the typical XRD patterns recorded from the pure and P-doped SiCNPs on carbon fabric substrate. Beside the detected signals from the carbon fabric substrate, all the other peaks match the 3C-SiC (JCPDS Card No. well, implying that the as-grown nanostructures are pure 3C-SiC phase. The strong and sharp diffraction peaks indicate that the SiCNPs are high crystallinity.
XRD, XPS and Raman Spectra Characterizations of P-doped SiCNPs
The low intensity peak marked with "S.F." is attributed to the stacking faults within the 3C-SiC crystals. [8] Figure S4b presents a closer examination of the (111) peak of the XRD patterns. Compared to that of pure SiCNPs, the center of (111) peak of P-doped SiCNPs shifts to a higher angle with a 2 of 0.102. The calculated lattice parameter (a) shows a 0.43% decrease as compared with that of the pure SiC, confirming that the P atoms have been successfully doped into the nanoparticles via the formation of substitutional solid solutions (i.e., the substitution of P to Si atoms, as schematically shown in Figure S4c ). [5] [6] [7] To further provide the evidence for the P doping of the SiC nanoparticles, X-ray photoelectron spectroscopy (XPS) is employed to disclose the compositions of the P-doped SiCNPs. The binding energies obtained in the XPS spectra are standardized for specimen charging using C 1s as the reference at 284.6 eV. Figure S4c and S4d respond to the XPS spectra of Si and C, respectively. The peaks centered at 102.8 and 284.8 eV are given rise to the binding energies of Si 2p and C 1s of SiC, respectively. The Si 2p peak with asymmetric shape and high binding energy tailing suggest the existence of SiO x species around the SiC surface. [9] The C 1s spectra also displays another peak at a higher binding energy (~286.1 eV), which can be ascribed to the adsorbed CO at the nanoparticles surface during the pyrolysis of polymeric process. Notably, the P 2p peak at ~125.8 eV is detected ( Figure S4e) , clearly verifying the P dopants within the SiCNPs. Accordingly, the concentration of the P dopants is ~0.27 at.%.
The typical Raman spectra of the pure and P-doped SiCNPs are recorded with a wave laser of 633 nm as the excitation source, which are shown in Figure S4f . Both of the two types SiCNPs exhibit two broad absorption bands, respectively. It seems that the maximum values of pure SiCNPs appear at ~790 and 923 cm -1 , whereas those of P-doped SiCNPs shift to ~786 and 921 cm -1 . The two peaks are the dominate features of the crystalline structure of 3C-SiC, and correspond to the modes of transverse (TO) and longitudinal optical (LO) phonons, respectively. [10] [11] [12] Compared to those of the pure SiCNPs, these two peaks of P-doped SiCNPs display small blue shifts, which can be ascribed to the quantum confinement effects and the existence of stresses in the nanoparticles induced by the P atoms substituted Si ones Bamboo-like β-SiC nanowires
SiC nanowire/nanorods 3. 33 5.77 a The turn-on and threshold fields required to generate an emission current density of 10 μAcm -2 and 1 mAcm -2 , respectively. If other values are used, it will be mentioned separately. Figure S9 . Schematic illustration of the aspect-ratio-depended electron emission directions of the emitters in regard to the bending. It suggests that, as compared to the SiCNPs, the 1D nanomaterials with a high aspect ratio could make a significant change of the electron emission directions caused by the bending of the field emitters. In another word, the SiCNPs with a low aspect ratio is superior to the 1D nanostructures to be applied as the flexible field emitters, since they can greatly limit the "screening effects".
